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Pathogenesis of the glomerulopathy associated with renal in-
farction in rats. The present studies were designed to characterize
the extent and pathogenesis of the glomerular lesions which occur
in the viable portion of the kidney following partial renal in-
farction in rats. Control rats with two normal kidneys had a mean
blood pressure of 112 mm Hg, minimal proteinuria and no gb-
merular pathology on light (LM), electron (EM) or immunofiuo-
rescence microscopy (IFM). Rats with two-thirds infarction of one
kidney (stage 11) became hypertensive, although less than 4% of the
gbomeruli from either kidney were abnormal. Rats with two-thirds
infarction of one kidney and contralateral nephrectomy (stage Ill)
developed proteinuria and hypertension whether fed a normal, low
or high Na diet. By light microscopy 37% of glomeruli were
abnormal 28 days after partial infarction and contralateral ne-
phrectomy and thereafter the percent of abnormal gbomeruli in-
creased. Detectable amounts of immunoglobulin and complement
(C3) were present in kidneys of stage 11 or Ill rats but were always
accompanied by more extensive albumin and fibrin deposits. Base-
ment membrane deposits characteristic of immune complexes were
not seen on EM. Administration of antihypertensive medication to
stage Ill rats significantly lowered blood pressure and reduced the
number of abnormal gbomeruli on LM; however, IFM abnor-
malities remained prominent. Platelet thrombi seen by EM and
abundant glomerular fibrin deposits seen on IFM suggested that
coagulation mechanisms may be prominent in the pathogenesis of
the renal lesion. Heparin-treated stage 111 rats had significantly
lower blood urea nitrogen concentrations, blood pressures and
proportion of abnormal gbomeruli although glomerular deposition
of serum proteins was still present on IFM. These observations
suggest that this glomerulopathy is initiated by an unknown
agent(s) which increased capillary permeability. This lesion pro-
gresses via thrombotic mechanisms which are prevented by heparin
administration.
Pathogénie de Ia glomerulopathie associée a l'infarcissement du
tissu renal. Ce travail a été réalisé pour définir l'étendue et Ia patho-
genie des lesions glomérulaires qui surviennent dans Ia portion
viable du rein après un infarctus partiel chez Ic rat. Les rats
témoins dont les deux reins sont normaux ont une pression
artérielle moyenne de 112 mm Hg, une protélnurie minime et des
glomérules intacts en microscopic photonique (L.M.), électroni-
que (E.M.) et en immuno-fluorescence (t.F.M.). Les rats dont un
rein est infarci aux 2/3 (stade II) ont une pression artérielle élevêe
bien que moms de 4% des glomCrules de chaque rein soient anor-
maux. Les rats dont un rein est infarci aux 2/3 et dont l'autre rein
a Cté enlevé (stade Ill) déveboppent une protéinurie et une hyper-
tension, que leur régime soit riche ou pauvre en sodium. En mi-
croscopic photonique 37% des glomérules sont anormaux 28 jours
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après l'infarctus partiel et Ia néphrectomie controlatérale et cette
proportion continue d'augmenter. Des quantités décelables d'im-
munogbobuline et de complement (C-3) existent dans les reins des
stades I! et lit mais dies sont toujours accompagnées dedépots de
fibrine et d'albumine plus étendus. II nest pas observe, en mi-
croscopic electronique, de depots membranaires caractéristiques
des immuns-complexes. L'administration d'agthits hypotenseurs
aux rats du stade ill fait baisser significativement La pression
artérielle et diminue Ic nombre de glomérules anormaux vus en
microscopic photonique alors que les anomalies en 1.F.M. persis-
tent. Des thrombi de plaquettes, vus en microscopic electronique,
et des dépôts importants de fibrine vus en 1.F.M. suggèrent que les
mCcanismes de coagulation peuvent être primordiaux dans Ia
pathogenic des lesions rénales. Des rats du stade Ill traités par
l'héparine ont un azote uréique, une pression artérielie et une
proportion de glomerules anormaux significativement diminués
bien que les dépôts de protéines sériques soient encore presents en
I.F.M. Ces observations suggérent que cette glomerubopathie est
déclenchée par un ou des agents inconnus qui augmentent Ia per-
méabilité capillaire. Les lesions progressent par l'intermédiaire de
mécanismes de thrombose qui sont empêchés par l'héparine.
The experimental model of uremia produced by
partial infarction or resection of the kidney in the rat
has been widely used in recent years [1—8]. While
hypertension, proteinuria and progressive renal dis-
ease were first described in this model in 1932 by
Chanutin and Ferris [9], the pathogenesis of these
abnormalities remains obscure, especially the rela-
tion of renal infarction to the elevated blood pressure
which follows. Koletsky and Goodsitt [10] suggested
that the progressive renal disease in this model re-
sulted from hypertension itself. The importance of
immunologic factors in the pathogenesis of the renal
disease in this model has been stressed by White and
Grollman [11], who were able to prevent the disease
process by administration of cortisone or 6-mercap-
topurine.
The renal abnormalities which occur in rats with
partial renal infarction are similar in appearance to
those observed in rats made hypertensive by other
maneuvers [12—14]. Also, a variety of human diseases
[15—21] have been found to have the same histo-
pathologic changes as those seen in hypertensive
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rats. The elucidation of the pathogenetic mechanisms
which lead to progressive kidney failure in rats with
partial renal infarction might potentially have appli-
cation not only in human disease but also in the study
of the renal insufficiency which develops in other
hypertensive models.
Utilizing light microscopy, transmission and scan-
fling electron microscopy and immunofluorescence
microscopy, studies were designed to better char-
acterize the lesion which occurs in the viable por-
tion of the rat kidney following partial infarction.
Pathologic findings were correlated with blood pres-
sure levels and indexes of renal function. Based upon
experiments to be described, thrombotic processes
were found to play a pivotal role in the progressive
glomerulopathy which develops in rats with partial
renal infarction.
Methods
Experiments were performed in adult female
Sprague-Dawley rats (Holtzman Breeding Labora-
tories) weighing 150 to 250 g. Animals were allowed
regular rat chow containing 22.8% protein (Purina)
and tap water, ad lib, unless otherwise stated. Meth-
ods for induction of the renal lesion have been de-
scribed previously [22]. Four groups of rats were
studied: a) 16 normal animals with two intact kidneys
(control or stage 1), 6 of which were given 150 U of
heparin twice daily for three weeks; b) 9 rats in
which the right kidney was removed (unilateral ne-
phrectomy or stage IA); c) 6 rats in which the left
kidney was partially infarcted but the contralateral
kidney was undisturbed (stage II); and d) 6 rats in
which partial infarction of the left kidney was
coupled with removal of the right kidney (stage III).
The latter animals developed azotemia. Surgery was
done under ether anesthesia and the animals were
studied 14 to 90 days after induction of the lesion.
Four additional groups of stage III animals were
studied. One group, consisting of 9 rats, received
a combination of antihypertensive drugs includ-
ing hydrochlorothiazide, 800 mg/liter; reserpine, 5
mg/liter; and hydralazine, 160 mg/liter [23]. This
solution was provided, ad lib, as drinking water; the
animals consumed between 30 and 50 ml of this solu-
tion per day. To determine the effect of sodium in-
take, two groups of six rats each were studied. One
group was fed a dialyzed diet without sodium, The
other group was fed a regular diet and 0.3% NaCI as
the drinking solution. In another group of stage Ill
rats (N = 8) each received 150 U of heparin, sub-
cutaneously, twice daily for 28 days, beginning the
day following renal infarction. At the end blood pres-
sure was measured and tissues obtained for study.
At the time of study, animals were anesthetized
with 30 mg of sodium pentobarbital/kg of body wt
administered intraperitoneally. Mean arterial blood
pressure was measured via the left femoral artery
cannulated with PE 50 tubing connected to a U-tube
mercury manometer. Blood was obtained from the
abdominal aorta for blood urea nitrogen (BUN) and
electrolyte measurements. BUN determinations were
made on an Auto Technicon, Na and K on an IL
flame photometer. Urine obtained by bladder punc-
ture was tested for protein with Albustix (Ames
Labs). Autopsies were performed on all rats and
tissue removed from the viable portion of the kidneys
for light microscopy, transmission electron micros-
copy and immunofluorescence microscopy. The car-
diac index is expressed in mg/100 g of body wt as
described by Koletsky and Goodsitt [10].
Renal tissue for light microscopy was fixed in
Bouin's solution for 24 hr. Paraffin sections were cut
at 2 to 4 thickness and stained with hematoxylin-
eosin and PAS stains. Fixation for transmission elec-
tron microscopy was in Dalton's fixative containing
1% osmium tetroxide for 1 hr. Tissues were dehy-
drated, embedded in Swiss araldite and thin sections
(500 to 600 A) were cut and stained with lead citrate
and uranyl acetate and examined in an electron mi-
croscope (RCA EMU 3G). A specimen of kidney
tissue for immuriofluorescence microscopy was fro-
zen in liquid nitrogen. Frozen sections 2 to 4 thick-
ness were cut and stained with fluorescein-conjugated
antisera to rat immunoglobulin, third component of
complement, fibrinogen and albumin [24]. Sections
were examined with an immunofluorescence micro-
scope (Leitz-Wetzlar).
Intravascular casts of kidneys from control and
experimental animals were prepared to examine ul-
trastructural details of the renal microcirculation by a
combination of latex injection/corrosion/scanning
electron microscopy techniques. We have previously
described this procedure in detail [22]. The corrosion
casts prepared in this manner were examined and
photographed using a scanning electron microscope
(Cambridge Stereoscan Mark II).
Results
Light microscopy. Control rats (stage 1) and ani-
mals with unilateral nephrectomy (stage IA) had less
than 2% abnormal glomeruli and there was no mor-
tality during three months of observation.
In rats with partial renal infarction, significant gb-
merular abnormalities occurred whether the rats had
an intact contralateral kidney (stage II) or had under-
gone contralateral nephrectomy (stage III). Qua!-
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Fig. 1. Light microscopic changes in glomeruli from rats with partial renal infarction PAS stain (X1000). A, Mesangial deposition of PAS-
positive material in the glomerulus of stage III rats 28 days after partial renal infarction. The deposits appear granular in some areas but tend
to coalesce in the stalk region. B, Occlusion of glomerular capillaries associated with marked dilatation of several remaining capillaries.
Bowman's space is filled with a protein coagulum and there is periglomerular fibrosis. C, Capillary occlusion. The arrows indicate two
individual glomerular capillaries which have been occluded. D, Nonspecific loss of definition of glomerular architecture without specific
mesangial deposition or capillary occlusion. One capillary dilatation is seen.
itatively the lesion was similar in stage II and stage
III; hence, microscopic descriptions which follow ap-
ply to both groups. The infarcted area of the kidneys
studied demonstrated a sharp demarcation with vi-
able portions and only the changes in the viable por-
tion of the infarcted kidney or in the contralateral
kidney will be described. Glomerular lesions were
focal in nature with remarkably distorted glomeruli
seen in the presence of normal glomeruli. Character-
istic changes are seen in Fig. I. Mesangial deposi-
tion of PAS+ material (Fig. 1A) was granular and
tended to coalesce along the mesangial stalk. Four
prominent findings are illustrated in Fig. 1B: a) per-
iglomerular fibrosis, b) coagulated protein in Bow-
man's space, c) thrombosis of glomerular capillaries
and d) dilatation of some glomerular capillaries.
Multiple capillary thrombi are best seen in Fig. 1C;
proliferation of the epithelium in Bowman's capsule
is also seen in this panel. Some glomeruli demon-
strated nonspecific loss of definition (Fig. ID) with
collapse of glomerular capillaries and loss of base-
ment membrane detail in the absence of PAS+
mesangial deposits or capillary thromboses. Arterial
wall thickening caused by fine concentric layering of
collagen characteristic of malignant hypertension
[25] was frequently seen in stage III rats.
Transmission electron microscopy. Capillary loops
from glomeruli of rats with partial renal infarction
are shown in Fig. 2. Twenty-one days after infarction,
glomeruli in the viable portion of the partially in-
farcted kidneys of stage III animals were abnormal.
Remarkable ultrastructural changes were noted in
the uremic and similar although less uniform changes
also were noted in the nonuremic animals. Find-
ings observed, shown in Figs. 2A—C, include a) swol-
len although not fused podocytes, b) focal platelet
thrombus and c) thomboses of glomerular capillaries.
Of note is the absence of electron-dense basement
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membrane deposits. An expanded mesangial area is
demonstrated in Fig. 3B. Epithelial foot processes
and basement membrane are intact. The material in
the expanded mesangium has no characteristic struc-
ture to allow identification. Efforts to demonstrate
the "typical" structure of fibrin on electron micros-
copy were unsuccessful. The inability to demonstrate
fibrin may relate to the chronicity of the lesion, with
the presence of derivatives of fibrin or to the total
absence of such a material.
Scanning electron microscopy. The normal glomer-
ulus depicted in Fig. 4A has uniform capillary di-
ameter. Proximity of the glomerular capillary loops
to each other suggests a nonexpanded mesangium. In
stage III animals glomerular capillary aneurysms
have developed about the vascular pole of the gb-
merulus (Fig. 4B). There is narrowing of gbomerular
capillaries which are no longer in close proximity,
thus indicating mesangial expansion. Extreme distor-
tion of glomerular architecture (Fig. 4C) apparently
resulted from progression of changes seen in Fig. 4B.
An area of segmental occlusion (arrow) and mesan-
gial expansion in the perfused capillaries is seen in
Fig. 4B.
Immunofluorescence microscopy. I mmunofl uores-
cence microscopy was used to determine if partial
renal infarction induced detectable autoantibody for-
mation in these rats. Glomerular deposits of rat
gamma globulin (Fig. 5A) and complement (Fig. 5B)
were not prominent but focal deposits were seen. The
deposits appeared to have a mesangial distribution.
Fibrin (Fig. 5C) and rat albumin deposits (Fig. 5D)
were prominent, the latter being the most common
and prominent glomerular deposit seen. These depos-
its were insoluble and did not decrease after one hour
of washing in phosphate-buffered saline. Fine gran-
ular deposits of albumin were also seen in tubular
epithelial cells, although less frequently than gb-
merular deposits.
In an attempt to detect circulating anti-kidney anti-
bodies in infarcted stage III rats, individual sera from
Fig. 2. Transmission electron micrographs of glomeruli from rats
with partial renal infarction. A, Transmission electron micrograph
of portions of two capillary loops in glomerulus of infarcted kidney
of a uremic rat (X7700). No basement membrane thickening or
subendothelial deposits are noted. B, Transmission electron micro-
graph of a glomerular capillary demonstrating platelet thrombi
(arrow) attached to glomerular capillary endothelium (Xll,850).
C, Electron micrograph of a capillary ioop which had undergone
complete obliteration (X5300). The lumen is filled with what ap-
pears to be proliferated endothelial cells with areas of distended
endoplasmic reticulum, lipid and other electron-dense bodies in the
cytoplasm. The left-hand portion of this loop contains amorphous
electron-dense material which may represent a stage in hyaline
degeneration. The pedicels are still well defined but are irregular,
flattened and broadened. The large podocyte on the left contains
increased number of rnitochondria vacuoles and lysosomes.
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six animals with extensive glomerular disease were
applied to normal rat kidney sections. The sections
were then washed in phosphate-buffered saline and
counter-stained to detect rat immunoglobulin depos-
its. No anti-kidney antibodies were seen. Thus, we
found no evidence for an antibody-mediated path-
ogenesis for the glomerular disease that occurs in
these rats.
Fig. 3. A, Electron micrograph of a capillary loop (lumen L)from a normal kidney (X13,950). Note the
mesangial area is thin (arrow). B, capillary loops (lumen L) from a stage III rat showing expanded
mesangium (X /3,230). Amorphous material (arrow) is seen opposite the epithelial side of the basement
membrane.
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Fig, 4. Scanning electron micrographs of glomerular casts from rats with partial renal infarction. A, Normal renal glomerular cast (X550).
Vessels of the glomerular capillary are of uniform diameter and smooth Contour. B, (lilomerular cast from a partially infarcted kidney of a
stage 11 (nonuremic) rat, three weeks after infarction (X550). Capillaries are tortuous with microaneurysms over the vascular pole, afferent
arteriole and interlobular artery (lower right). Capillary loops in the foreground display areas of narrowing. C, Cast of glomerulus of a stage
Ill (uremic) rat, three weeks after infarction (X220). Afferent arteriole (lower right) and the glomerular capillary tufts are enlarged. These
kidneys displayed a range of progression in the formation of aneurysms. Capillary changes varied from dilatation of some loops to complete
obliteration of others. D, Cast from hypertrophied unoperated right kidney of a nonuremic rat, three weeks after infarction of the oppositie
kidney (X450). Loop diameters are no longer uniform. Capillaries are tortuous and mesangial areas distended. The gap (arrow) in the
glomerular tuft indicates occlusion of some of the loops.
Natural history of the glomerulopathy. The natural
history of the glomerular disease is illustrated in Fig.
6. PAS-stained sections of kidneys were examined by
light microscopy at a magnification of X100. For
each rat at least 50 glomeruli were examined and the
percent abnormal recorded. The abnormalities noted
were those illustrated in Figs. 1A—D. Stage I and
stage IA rats had less than 2% abnormal glomeruli.
Stage II rats also had a paucity of abnormalities by
light microscopy through three months of observa-
tion. In contrast, immunofluorescent abnormalities
were quite prominent in the stage II rats examined 21
days after partial renal infarction. At least 10% or
more of the glomeruli had immunofluorescent-posi-
tive deposits. However, 90 days following partial
renal infarction, immunofluorescent findings in stage
II rats were not different from those in stage I, in-
dicating healing of the lesions. The stage Ill group
had a progressive lesion. Mortality in this group was
not quantitated but no rat survived longer than 90
days following the surgical procedure. Immunofluo-
rescent abnormalities were detectable 14 days after
partial renal infarction; by 28 days and after, 80 to
100% of the glomeruli had immunofluorescent-posi-
Glomerulopathy of renal infarction in rats 413
Fig. 5. Immunofluorescent micrographs of glomeruli from rats with partial renal infarction (all magnifications, X270). A, Typical deposition of
rat immunoglobulin in mesangial areas (arrow) of one glomerulus with a normal glomerulus in the lower midsection of the picture. Granular
tubular deposits are autofluorescent due to lipofuscin. B, Deposition of rat complement (arrow). Tubular basement membrane stain is
normal for anti-C3 antiserum in rats. C, Deposition of rat fibrin in two glomeruli (arrows). D, Deposition of rat albumin. This was the most
prominent and most commonly seen serum protein deposited in the glomeruli of rats with a partial renal infarction.
tive deposits with no tendency toward spontaneous
remission.
Effect of antihypertensive medication. All animals
were examined 21 to 28 days after partial renal in-
farction. Data in Table 1 indicate that the antihyper-
tensive regimen was effective in lowering blood pres-
sure, although not to normal levels, and significant
cardiac hypertrophy still developed in these treated
rats. Significantly fewer glomerular abnormalities
were noted by light microscopy in the antihyperten-
sive treated group, although immunofluorescent-pos-
itive deposits of serum proteins were still quite promi-
nent. Stage II rats which had significant hypertension
21 days after partial renal infarction did not develop
progressive glomerular disease. Thus, while attenua-
tion of hypertension had a favorable effect on the
glomerular pathology it did not prevent the disease
process, nor did the presence of hypertension neces-
sarily lead to progressive glomerular disease.
Effect of salt intake. The group of stage III rats
given a sodium-free diet had a similar incidence of
glomerular abnormalities, azotemia, proteinuria and
hypertension as that observed in untreated stage III
rats (Table 1). Another group of rats was given 50
m sodium chloride as drinking water and regular rat
chow (Purina). This regimen (Table 1) had no de-
monstrable adverse effect when the measured indexes
are compared to stage III rats provided tap water and
regular rat chow. Serum sodium and potassium val-
ues for animals on high or low salt regimens were
normal and not different from stage III rats receiving
regular chow and tap water. Salt intake, therefore,
had no demonstrable effect on the glomerulopathy or
hypertension which occurs in rats with partial renal
infarction.
Effect of heparin administration. Stage I rats treated
with heparin remained normotensive and had normal
BUN concentrations. No histologic abnormalities
were observed in these normal rats treated with hepa-
rin.
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Fig. 6. The natural history of the glomerulopathy associated with
partial renal infarction in rats.
Heparin prevented the hypertension and the car-
diac hypertrophy which normally occurd in stage
III rats (Table 1). In addition, heparin-treated rats
did not become azotemic. The number of abnormal
glomeruli noted by light microscopy at X 100 magni-
fication was remarkably decreased as compared to
stage III untreated animals, Glomeruli from heparin-
treated rats revealed small globular deposits of PAS+
material when examined at higher power (Fig. 7A);
these deposits appeared to be mesangial in distribu-
tion but did not coalesce as did deposits demon-
strated in Fig. 1A. Arterial wall thickening seen in
untreated stage III rats was not prevented by heparin
administration (Fig. 7B). Immunofluorescent micros-
copy demonstrated findings qualitatively similar to
the control groups previously described. The per-
cent of glomeruli having immunofluorescent-positive
deposits of serum proteins varied widely although
all kidneys examined had glomerular abnormalities.
Thus, heparin prevented hypertension, cardiac hyper-
trophy, azotemia and occlusion of glomerular capil-
laries which normally occurred in stage III rats. How-
ever, heparin did not prevent mesangial deposition of
insoluble serum proteins or proteinuria.
Discussion
The present findings agree with data previously
reported by Chanutin and Ferris [9] and by Loomis
[26], who found that stage III rats developed pro-
teinuria, hypertension and progressive renal disease.
As described by Koletsky and Goodsitt [10], the gb-
merular pathology was focal and included capillary
thrombosis and accumulation of amorphous material
in the gbomerulus. Quantitation of the proportion of
abnormal glomeruli (Table 1) demonstrated that the
stage Ill lesion was progressive while the stage 11
lesion was not, a finding similar to that of Koletsky
and Goodsitt [10]. Uninephrectomy did not result in
glomerular lesions in the present study.
]athobogic changes seen by transmission electron
microscopy have been described for several models of
hypertension in the rat [27—29] although not for rats
with the stage III lesion used in these studies. The
glomerular changes observed appear to be common
to all types of rat hypertension models. Capillary
Table 1. Effect of antihypertensive agents and heparin on the glomerulopathy associated with partial renal infarction in rats°
Group N Manipulation
BUN
SEM
mg/lOU ml
Proteinuriab
+
Mean BP
+ SEM
mm Hg
Cardiac°
index
+ SEM
Abnormal"
glomeruli
SEM, %
lmmunolluorescent
positive glomeruli
%, range
Stage 1 10 None 20 + l.6e 1 113 3° 359 9 l 0
Stage II 6 None 23 l.4e 1 153 + 12° 407 22e l 10
Stage 111 6 None 81 + 2.7 3—4 184 7 444 9 33 7 80—100
Stage 111 6 0.3%salineasdrink- 50 + 2.5° 2—3 161 9° 415 + 11° 40 + 7 —
ing water
Stage 111 6 Tube-fed, Na- 60 + 6.2e 2—3 178 12 443 16 20 + 10 —
deficient diet
Stage III 9 Antihypertensive 45 + 2.60 2—3 122 8° 400 16° 17 4° 60—100
treatment
Stage 111 8 150 U heparin,s.c., 26 + 2.4° 2—3 124 + 8° 363 l0 2 + 0.7° 10—lOUbid.
° All data in this table refer to rats killed 21 to 28 days after partial renal infarction.
bAlbustix Reagent Strips, Ames Co., Elkhart, Indiana.
Defined as mg of heart wt/l00 g of body wt.
d Evaluated using light microscope at Xl00 magnification.
Means statistically different (P < 0.01) from the stage 111 unmanipulated animals.
• Stage I
JJ Stage II
::i Stage Ill
100
80
60
40
N= 1
0
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Fig. 7. The effect of herparin upon the glomerulopathy associated with partial renal infarction in rats. A, Granular deposits of PAS-positive
material appear in the mesangium of the glomerulus shown (arrows) (X 1000). In the rats not treated with heparin, these granular deposits
tended to coalesce unlike the deposits shown here. B, A small arteriole and glomerulus from a stage III rat treated with heparin for 28 days
after partial renal infarction (x250). Note that the glomerulus appears normal although endothelial proliferation of the arteriole was not
prevented by heparin.
occlusion and platelet thrombi have been prominent
findings as seen in stage III rats in the present study.
Scanning electron microscopy of latex casts of gb-
merular capillaries [22] confirmed the presence of
capillary aneurysms, capillary narrowing and occlu-
sion. This technique provided a new perspective of
the changes seen under light and transmission elec-
tron microscopy which previously would only have
been appreciated through laborious serial section
studies.
Use of the antihypertensive regimen described by
Freis [23] decreased the incidence of glomerular ab-
normalities by 50%, although the character of the
lesions which persisted was unchanged and azotemia
still occurred. In contrast, heparin prevented gb-
merular capillary occlusion, lowered the blood pres-
sure to near normal and prevented azotemia. How-
ever, neither heparin nor antihypertensive medication
prevented the deposition of serum proteins in the
glomeruli or the associated proteinuria. Thus, in the
glomerulopathy associated with renal infarction in
rats, an initial event seems to be abnormal accumula-
tion of serum proteins in the glomerular extra-
capillary areas. Progression of the lesion appears to
be mediated by thrombotic mechanisms and is pre-
vented by heparin administration. The mechanism of
action of -heparin might not be related to its anti-
coagulant properties even though gbomerular cap-
illary occlusions were prevented by its use. Heparin
has many pharmacologic effects [30] and we have no
data to determine which are instrumental in rats with
partial renal infarcts.
Previous studies using rats with renal artery clips
[29] or uninephrectomized rats given a miner-
alocorticoid and 1% saline as drinking water [12] led
those authors to conclude that hypertension caused
the gbomerulopathy seen in the respective models. In
the present study rats with partial renal infarctions
had glomerular abnormalities indistinguishable on
morphologic criteria from the above-mentioned
models. Yet the glomerular abnormalities were not
altered by high sodium intike or by a sodium-free
diet. The use of antihypertensive medications to at-
tenuate the hypertension in rats with partial renal
infarction resulted in less extensive gbomerular dis-
ease but did not prevent the glomerubopathy even
when arterial blood pressures and cardiac indexes
were near normal. Thus, hypertension in itself ap-
peared to be detrimental to the glomerulus but did
not appear to be the main factor responsible for the
gbomerular abnormalities observed.
The role of renin in producing hypertension in rats
with a renal infarct has previously been studied by
Sokabe and Grollman [31]. Neither renal vein renins
nor whole kidney renin concentrations were found to
be elevated. Similar observations have been made in
our studies (unpublished observations). In addition,
Bing [32] could not demonstrate elevated renal renin
concentration in rats with hypertension secondary to
administration of a high salt diet and deoxycorti-
costerone acetate. Based on these data a role for the
renin-angiotensin system in renal infarction-induced
hypertension has not been demonstrated. Skulan,
Brousseau and Leonard [33] recently reported an
increased sensitivity to renin in rats made hyperten-
sive by a single renal artery clip. The importance of
this factor in our model is not clear.
Immunologic factors have also been implicated in
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Fig. 8. Proposed scheme for the pathogenesis of the glomerulopathy
which occurs in rats with a partial renal infarction.
the pathogenesis of the glomerulopathy of rats with
partial renal infarction. White and Grollman [11]
have shown that immunosuppressive manipulation of
rats with partial renal infarcts prevents the associated
hypertension. Okuda and Grollman further demon-
strated that transfer of lymphocytes from rats with
partial renal infarcts into normal rats caused hyper-
tension in the normal rats [34]. Neither in the work
of White and Groliman nor in the work reported
here was a role for antibody-mediated processes dem-
onstrated. Thus, the pathogenesis is distinct from
autologous immune complex nephritis (35, 36), tu-
bulo-interstitial nephritis [37] or antitubular base-
ment membrane nephritis [38, 39].
Based on our observations a plausible schema for
the pathogenesis of the glomerulopathy associated
with partial renal infarction in rats is illustrated in
Fig. 8. Mediated by an unknown agent, it is hypoth-
esized that glomerular capillaries develop increased
permeability to serum proteins which gain abnormal
access to extracapillary spaces. These abnormal se-
rum protein deposits were seen in the glomeruli from
rats treated with heparin although capillary occlusion
and hypertension were prevented. Thus, capillary oc-
clusion is felt to be a secondary result of the primary
event which we feel is an increase in glomerular cap-
illary permeability. Antihypertensive medication de-
creased the animals' blood pressure and the severity
of the glomerular occlusion although the character of
the pathologic lesion was not altered, Because hepa-
nfl prevented hypertension in these rats while antihy-
pertensive medication did not prevent occlusion, it
appears that hypertension in the partial renal in-
farction model may result from the occlusion of gb-
merular capillaries. Because the glomerular patho-
logic changes seen in rats made hypertensive by other
maneuvers [12—14] are similar to those reported
here, it is suggested that hypertension itself could
trigger the pathogenetic schema proposed. The im-
portance of uremia or lack of greater renal mass in
the progression of the disease process is demonstrated
by the fact that stage II animals healed their glomerular
lesions even though the renal infarcts were similar in
stage 11 or stage Ill animals. This has been pointed
out previously by Koletsky and Goodsitt [10], al-
though the mechanism remains unclear.
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